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No. 1,480.--" On the Main Roads of South  Australia." By 
CHARLES TOWNSIIEYD HAKGRAVE, AsSoc. Inst. Q.E. 

THE main  roads of South  Australia  are  mostly  under  the  care of 
Boards ; the  principal Board  being the Central,  which  has  jurisdic- 
tion over the  network of roads  surrounding  the  city of Adelaide, 
extending  north 43 miles,  south 50 miles, and from Gulf  St.  Vincent 
to  the  river  Murray.  District  roads  are  under  the management of 
Councils,  elected by  the  ratepayers.  The local  government  provides 
the money for the  main  roads  out of the general  revenue, and 
supplements the funds  raised  for  the  district roads. The members 
of the  Central  and  other Boards are  partly elected by  the Councils 
and  partly  nominated  by  the  Government. 

The roads  under the  Central Board are  divided into  two  districts, 
the  North  and  the  South,  the  latter  being  those described in  this 
communication. 

The  Act specifies that these  roads  should be at  least 60 feet 
wide;  they  are,  however,  mostly 66 feet  wide on the plains,  but 
in  the  hills  the  available  width is necessarily much narrower. 

The  surface of the ground in South  Australia  is  in summer 
baked so hard  by  the  sun,  that where sufficiently  level little re- 
quires  to be done to  render it available  for traffic, except  clearing 
away  trees or scrub.  This  hard  surface is about 9 inches  thick,  and 
after  a  time  wears  into deep holes, full of fine dust in summer  and 
of mud in  winter.  Where  the cross  section of the ground is not 
much  inclined,  and the surface  is  hard,  catch  drains  about 9 inches 
deep on the  higher  side of the road, 1 yard  inside  the  boundary, 
conduct  the  surface  water  into  culverts, or  spoon drains, made 
across the road in  the hollows,  or  gullies. This  allows of the  road 
being  travelled  upon  for  a  long  time  when the traffic is not  heavy. 
The  culverts used a t  first are  often made of a  pair of trunks of 
trees,  laid 3 feet  apart,  transversely  to  the  direction of the road, 
bridged over with  split  timber,  and covered with  earth.  The spoon 
drains  are paved  watercourses 10 feet  across,  being  dished in  the 
centre  about 1 foot. With  the  exception of bridges,  these  works 
are  often  all  that can be  carried  out on many  miles in length of 
natural road,  owing to  want of funds. 

On the  principal  lines, in  the centre of the 66-feet width appro- 
priated  to  the road, the metalled  portion is 15, 18, or 21 feet wide. 
After the road is  graded  a bed is formed  for the bottom  coating 
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of the  width  intended,  having a  curved cross section from the  centre 
to  the sides of 2 inches to  the  yard.  With  gradients  steeper  than 
1 in 20 there is a fall of from 6 inches to 8 inches from the  centre 
to  the sides of an 18-feet width of metal,  to  insure ffood water 
keeping  in  the water-tables. I n  this bed there  is  laid a layer of 
.stone, broken  to  a 4-inch gauge. The first coating is chiefly of the 
common nodular limestone, found in layers a  few feet  in  thickness 
in most parts of the country. This forms a good base for a harder 
metal ; and, indeed, of itself is suitable for  a  road when  the traffic 
is  light, becoming compact and smooth. The  stone for the bottom 
layer is generally broken in the position it is to occupy in  the 
excavated metal bed, and is rolled with a heavy  iron roller. The 
upper  layer, of hard stone, of which  there is abundance in  the 
colony, is broken to a 2k-inch gauge. Much of the  stone used for 
this coating, on the  plains  about Adelaide, is quartz.  Crystal- 
line limestone, or marble, is also employed in  the  south,  and 
makes a still better road. The thickness of both  coatings  varies 
from 4 inches to 6 inches  according to  the  extent of the traffic. 
The stone is put on equally  thick over the  metal bed, and is well 
rolled. It is then  thinly coated (or blinded) with  gravel, soft lime- 
stone, or  earthy loam, about 5 to 7 cubic  yards  to  the chain being 
sufficient for a  road 18 feet wide, and is again rolled. This  blinding 
saves the hoofs of the horses and of the bullocks, which  are seldom 
shod. Clay makes bad blinding,  and a dirty road ; sand works.down 
between the  stones composing the metal, and  prevents  them from 
.setting.  When  clay  blinding is used it works up  through  the  metal 
during  rain.  The  best roads are those  where blinding  has been 
sparingly used, and where they  have been consolidated with a  heavy 
roller. The rollers consist of three cast-iron drums, 3 feet in 
diameter, each 2 feet wide, on a wrought-iron axle. They  are 
surmounted  by a  dray-like tray,  in which are piled  stones to  get 
the  requisite  weight of from 4 to 5 tons ; they  require  four horses 
on level and  six on hilly  ground,  and  are provided with brakes 
and scrapers. 

Some of the roads for light traffic are made of ironstone  gravel. 
I n  grading  the roads, the  cuttings  are made just  the  width for 

the  metalling,  with slopes of 1 to 1. Tha embankments have 
slopes of l+ to 1 ; and  the  metal  is  prevented from spreading a t  
the sides by  being shouldered with a layer of earth 3 feet wide, 
the shoulders having  the same cross-fall as  the  metal ; so that  the 
sul.face water escapes over the  shouldering 

The  fencing is of red or blue gum posts, 6 feet long by 6 inches 
wide,  and 3 inches thick,  planted 2 feet in  the  ground, 9 feet apart, 
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and mortised to receive two  stringy  bark  rails 2 inches thick  and 
6 inches wide. On level  ground  the  lines of fencing are 66 feet 
apart. On embankments  the fencing is in  the centre of the 
shouldering;  and  in  cuttjngs it is carried along  the  top of the 
side slopes. 

Where  the cross-fall of the  ground is considerable, retaining 
walls  are  built of dry  rubble stone,  well bonded a t  intervals of 
4 feet in  each course, and  having a batter of 3 inches to  the 
foot on the outside, finishing at  the  top  with a  thickness of 
2 feet. 

Roads through swamps are embanked from side  ditches 30 feet 
apart,  and  are provided with  frequent  culverts  leading from ditch 
to  ditch.  The  culverts  are seldom less than 2 feet  wide and18 inches 
high; 8 or 9 chains  apart  in  the hills, but much farther  apart on 
the plains. They  are  large  enough for  a man  to  enter  and clean 
them. The  walls  are of dry  rubble masonry 18 inches  thick,  and 
the bottoms are pitch-paved 9 inches deep, dished 3 inches in the 
centre. On the  plains  the  culverts  are sometimes 3 feet wide by 
1 foot 3 inches high,  and  are double or treble  where  water is 
abundant, In the absence of flags, the  culverts  are roofed with 
a  cheap and  durable covering of slabs of red  gum timber, 6 inches 
thick, dressed to fit close, and counter  slabbed with 3-inch dabbing 
where  the slabs abut.  The  slabs  are spiked to  sawn  wall  plates 
4fr inches  long  by 2$ inches thick, of red gum bedded on the walls 
in mortar. Where  the road is in  side  cutting  the  up-hill ends of 
the  culverts  are continued, without covering, beyond the edge of 
the metal, to receive the  water of the catch  drains. The  latter  are 
9 inches  wide at   the bottom, 9 inches deep, with  side slopes of 
1 to 1, and  are  cut  within a yard of the boundary of the road. 
The  roadway  is made  somewhat wider over the culverts than 
elsewhere. Guard posts, painted  white, projecting 2 feet 6 inches 
out of the  ground, 9 inches square,  and wheel guards, 9 inches 
deep by 6 inches thick,  tarred  and bolted to  the posts with &inch 
bolts, protect  the  metal at  the  culverts;  and  the  water from the 
side of the  metal  way is turned  into  the  culverts  under  the wheel 
guards. 

It rarely  happens  that  the foundation of the roads requires 
drainage,  but when this is necessary in  cutting5 side drains 
2 feet 6 inches deep and 10 inches  wide, filled with broken stone, 
are made under  the water-tables. 

The  cutting  and  embanking is generally contracted  for a t  a 
lump sum ; the forming, metalling,  blinding,  and  shouldering  by 
the  chain ; the  catch  drains  and  the  culverts  by  the  lineal yard. 
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The  average cost per mile of a  road having a metal  way 18 feet 
wide has been as follows : - 

Earthwork, in  cuttings, &C., say SO0 cubic yards at  1s. 40 
Culverts, nine at  15 cubic yards each = 136 cuhic yards at 128. 81 
Wheel  guards  and posts,  eighteen  sets of two povts and one 

guard at 40s. per  set . . . . . . . . . . . .  I 36 

e. . .  

Forming the metal bed, SO chains at  8s. . . . . . . .  32 
Buttom metal or soling, 4 inches thick; 15 cubio yards per 

Netal 24 inches  thick, 22 cubic yards per chain for 80 chains, 

Blinding, 7 cubic yards  per  chain for 80 clmins, 560 yards at i s .  25 

chain for SO chains, 1,200 cubic yards at  4s. 

1,760 cubic  yards at  7s. 

] 240 

} 616 

. . . . .  
. . . . . . . . . . .  

Kolling,  eight  days at 25s. . . . . . . . . . .  10 - 
Total . . . . . . . . .  1,083 

To this  must  be  added fencing, not always done, SO chains at  

And if the  land  has t o  be  purchased, S acres per mile at  E5 
S rods, 640 rods  nt 5 ~ .  

per acre . . . . . . . . . . . . . . .  1 40 

1 160 . . . . . . . . . . .  

Total per mile of road . . .  f1,283 

These prices were  when  labouring men were paid 58. 6d. to 6s. 
per  day,  and masons and  carpenters Ss. to 9s. per  day ; but a great 
advance has since taken place. 

Inasmuch  as  the roads in  the  south  district  frequently run parallel 
the  ranges of hills,  they cross the numerous  gullies and  water- 

courses, or creeks, which  lead from the watershed of the  range  into 
Gulf St. Vincent; Consequently, when  these creeks convey much 
water,  bridges over them  have  to  be provided. 

The foundation courses of the  abutments  and  wing  walls of the 
bridges  are  invariably  built on a bed of concrete. The concrete is 
made of the  lime of the colony, burnt from a nodular  white lime- 
stone of no great hardness, which abounds  on the surface of the 
ground  in  many localities in a layer of 18 foot to 2& feet in  thick- 
ness ; when  freely exposed to  the  air  and sun, as in the  pointing o f  
walls, in two or three  months  it becomes hard  like cement. This 
lime  is  worth from 10d. to Ts. per bushel ; the  stone is burnt  with 
wood in rough  kilns  dug out of the hill-side. The concrete is put 
in 2 or 3 feet  thick,  the foundation trenches  being excavated down 
to rock or firm ground ; and cracks or  settlements in  the masonry 
above are exceptional. Sometimes, when a substratum of clay of 
inferior  quality is encountered, two pieces of gum timber, 10 inches 
wide by 5 thick,  are placed 12 inches  apart over the concrete, and 
bedded in it under  the  centre of the wall, similar pieces of timber, 
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halved  and spiked at   the angles, being  carried  along undei. the 
wing walls, to  support  the lower  foundation course. 

The simplest  bridges,  for  openings say of 12 feet  span, have  the 
abutments of rubble masonry with dressed quoins, the platform 
being of red or blue gum  timber  sawn 4 inches thick,  resting 
on five longitudinal  or roadway beams 12 to 13 inches in diameter, 
or of sawn  timber 10 inches thick  by 12 inches wide.  Some- 
times  the  planking is of two thicknesses of 3 inches each, laid 
diagonally  to  the roadway beams, the  upper surface crossing the 
lower at  right angles, the edges of the  two thicknesses  outside 
the  hand  railings  being covered with a  rounded nosing or” deal 
6 inches wide by 3 inches thick, spiked on. This double planking 
is more frequently employed for  bridges exceeding 40 feet span. 
Blue  gum  timber is best for a transverse strain,  and is in request 
for ship-building. Red gum is mostly employed for piles in 
foundations, as it is  not subject to  the  attack of the  white  ant  or 
other insects. The  planks  are fastened to  the roadway  beams 
with spikes 7 or 8 inches long:  the  standards on the  hand 
railing  are of gum housed and mortised into  the  planking,  the 
rails  being of Baltic  or Oregon fir, for gum  shrinks  lengthways 
in  drying,  and  rails of that  timber would draw  out of t h e  
mortises. For wider  spans,  say of 16 feet, the roadway beams are 
strutted off corbels of gum  built  in  the masonry. The  width of t h e  
roadway over the bridges is 18  feet between the wheel  guards, but 
near  large  towns it is 21 feet. 

The masonry of the  bridges is random-coursed; the  stone is 
mostly  undressed on the face, the quoins and  other dressed work 
having  lkinch tooled drafts. 

Stone  bridges of under 30 feet span  are  frequently  built. 
Bridges of greater  span  have mostly been supported by laminated 
timber  ribs  up  to 80 or 100 feet  span, the  ribs being of Baltic 
2-inch planking. The  timber  ribs do not  last  long;  the  great 
variation of temperature to which the colony is subject  affects the 
deal, and  in  twelve  or  thirteen  years  they  have  to be removed. 

Of late  years  wrought-iron  plate  girder bridges have been much 
used, of spans from 30 to 60 feet, the  girders  being made in  the 
colony. As in  India, 6he absence of water  in a  watercourse is no 
guide as to  what provision may  be required  for floods. On plains 
the  banks of the watercourses are  nearly  always  higher  than  the 
surrounding  country, probably from silt deposited upon them  during 
floods. The  rainfall,  though  the  average  amount is small, is often 
heavy while it lasts, causing sudden floods; consequently ample 
provision for culverts is required. 

[1876-77. N.S.] U 
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I n  place of laminated  ribs of deal, ribs of gum  timber 4 inches 
thick on edge, spiked  together in  three thicknesses 12. feet to 
15 feet long, have been successfully introduced.  These planks  are 
cut  with a sweep to  the  curve of the,  arch,  and  are  18 inches in 
depth for  bridges of G O  feet  span, four  ribs  being  generally used. 
The  ribs  carry  the roadway beams, which in  turn  support  the two 
thicknesses of %inch planking,  laid diagonally. The roadway 
beams rest on the mown of the  ribs  and on the stone  piers or 
abutment walls, and  are supported at  intervals by uprights 6 inches 
wide  by 5 inches thick  resting on the ribs. Alongside these 
uprights  are  vertical  tie-rods 1 inch thick,  connecting the roadway 
beams and diagonal struts from the foot of one upright to the top 
of the  other,  to  prevent  the haunches of the  arch from springing 
when  the  bridge is loaded. A camber of 6 inches is given  to allow 
for the  ribs  settling  and  shrinking end-ways, and the  ribs  are  kept 
apart horizontally by  strutting pieces, by  the side of which 1-inch 
tie-rods connect all  the  ribs together. The  ribs  rest  in sockets cut 
in  the stone skewbacks of the  abutments  or piers ; the ends of t,he 
ribs being segmental in form and  the sockets worked to match, so 
that when the  ribs come down at  the crown, through settlement, 
the ends maintain a full  bearing  in  the sockets. The  timber is 
nearly  always used green  from the forests. To reduce the shrinka.ge 
the  gum  timber is immersed in  water for six or eight weeks, and 
then dried in  stacks for a like period. This  treatment diminishes 
the tendency of gum  timber  to shakes from being exposed to  the 
hot  sun  after it is cut. 

The proper time for repairing  the roads is  during  the rains, 
which set  in  early  in May. Contracts  are  taken for .the  supply of 
.stone during  the summer months ; and  the stone is broken within  the 
boundary on the roadside, so as not  to  interfere  with  the traffic. 
‘l’he price for breaking st,one suitable for  road metal  to a gauge of 
24 inches is 3s. per  cubic yard, 2 cubic  yards  constituting  an 
,ordinary day’s work. The broken  stone is stacked in  lengths 
along  the road, 64 feet  wide at  the bottom, 2& feet wide at  the top, 
and 2 feet  high. A  frame  shaped like  the  capital  letter A having 
these dimensions on the  inside below the cross-piece, which 
confines the  two  other  side pieces, is used to  gauge  the heaps. 
This cross section gives 1 cubic yard of broken metal for every 
lineal  yard  in  the heap ; and is a method for  facilitating  the 
measurement of the broken metal  always employed. 

The  metal  is spread during  the  rains.  Where  the roads have 
become worn,  weak places are covered with a coating of metal, to  the 
extent of 7 to  10 cubic yards per chain for  a way 18 or 20 feet wide. 
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The road  when under  repair is first picked over, 2 inches deep, and 
the  metal  spread from  barrows, the picked road  being  raked  to its 
proper cross-fall of 13 inch  to  the  yard before the  metal is applied, 
and it is then rolled repeatedly  during  rainy weather. A metalled 
aurface 18 feet wide picked for repairs costs 8s. per  chain ; conveying 
the  metal  in  barrows a distance of not more than 2 chains, and 
spreading it, cost 1s. per cubic yard, when the  daily  wage of a 
labourer is 6s. The cost of four horses for the  roller is 25s. per 
day ; of six, 30s. The quantity of metal used for  the  south road on 
the first 7 miles from Adelaide for ten  years was 300 to 400 cubic 
yards  per  mile  per annum. The traffio on the road, at first 
considerable, gradually  diminishes,  and a t  50 miles from Adelaide 
only slight  repairs  are necessary. The  annual cost of clearing  out 
the  culverts  and  the water-tables of grass, weeds, &C., is S3 per mile 
for each side of the road. Lengths of from 5 to 10 miles of these 
metalled  roads are  under  the  immediate  care of road labourers 
permanently employed, called station men, who get 6s. a day,  and 
who are allowed one or more assistants  at 5s. a day each. 

In  the  southern division of main roads under  the  Central Board 
there were 326 miles at  the  date of this communication, and 
192 miles yet  to be made, or a total of 518 miles. The cost of 
efficiently maintaining  the metalled  portions, based upon expe- 
rience, is about $122 per mile per  annum ; but  as  this  amount  had 
not  then been expended, the roads  were  considerably out of repair. 
Their cost forms an  important  item  in  the  expenditure of the 
Province. The  Author,  as  superintending surveyor, has controlled 
the  outlay of more than $250,000 in  the maintenanoe and con- 
struction of roads and bridges, since  the year 1861, in  the  portion 
of the colony referred to. 
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